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^ (57) Abstract: The object of the invention is poly(propylene imine) type dendrimers, which have been modified by the help of the 
maleimide modification reaction with the amine groups in the shell of the dendrimer, and a method for manufacturing said den- 

^ drimers. Maleimide modified poly(propylene imine) dendrimers can be used as crosslinking agents, in coatings, adhesives and as 
matrix matETial in composites. It is chaiacteristie to maleimide modified poly(propylene imine) dendrimer that the shell layer of it 

^ comprises reactive maleimide rings. 
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MALEIMTOE MODIFIED POLYPROPYLENE IMINE DENDRIMERS AUD A PROCESS FOR THEIR PREPARA- 
TION 



5 The inventioii rdates to po]y(prppylene imine) type dendxiofirs, wMch have becu 
modified by means of a maldnridfi Tnodifinatinn reactiou -with ±e flTnme groups 
sitmcsd in the shdl of the dendiimer, and a me^od for manafactuxmg the mientloned 
dcndliiners. Maleinude mnH^fip/^ . poly(piopyieiie inune) dieDdzimess can be used as 
cross l inl an g agents, hicoanngs, adhesives sodas a matrix material in ccnxposites. 

10 

UedSsB maaoincdecules widi a highly htanchcd souacre and with asjdierical shape 
consdnne a &mily of polymers, which has been increasingly smdied rf nHng recent 
years. These macromolecales having three-dimensional molecular aidniscture are 
referred to as dendiioc polymers or dendiimers. Dendiimers di^ significantly from 

15 conventional linear oligomers and polymers. Lmear oligomers, which have sufficient 
molecular weight in oiderto he used e.g. in crosslinlcable polyester TtsSx\s, usually 
coniain molecular f haing with only two lacminal functional groups in s^ h molfcul?, 
while the strucmre of dendrimers is a compact spherical molecule with many branches 
which cany a high mmiber of tetminal fimctional groups on each molecule. The 

20 unique physical and chemical properties of dendrimers yields the compounds and 

products made from them interesting and specdal properties, as an cxan^le of than can 
be mendoned the exceptional and fovouzahle rheologieal properties polyesters, such as 
low viscosily, when con^ared wifii linear oligomers. Dendrimers are usually 
manu&cnuied by iterative syndiBsis in cydes, when m each stage die chemical and 

25 physical propeities of the molecole, such as size, sh^e,xeactlvi^ and sohih^ 
be adjusted. Oligomers with a strongly branched structure can be used in many 
applications, such as catalysts, in phannaceutical industry, as carriers for drugs, in 
cosmetics industry, adhesives, coatmgs. composites, agricultural chemicals and as 
multifunctional crosslinldng aypfg 



A series of hyperbianched (meth)aczylai£d polyesters with diSereiit number of 
terminal double bonds per molecule has been presented and. methods for the manu- 
facmre thereof have been disclosed in die patent application WO 96/07688. This 
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publicadon discloses a liypexbraiicbeii polyester of a polyol witb 3 to 10 reactive 
hydro3C/l groups and an aromatic polycaiboxflic anliydride "with 2 to 4- carboxyl 
groups, each hydroxyl gionp of liie polyol fanning an ester linkage with one 
anhydride group of ihe polycarboxylic anhydride, and farther glycidyl 
5 (meth)acrylate or allyl glycidyl ethsr forming ester linkages with the remaining 
carboxyl groups of the anhydride and free hydroxyl groups. Parther, in the 
hyperbranched polyester, (iiieth)acrylic anhydride andyor an. alipharic carboxylic 
anhydride form ester linlcages with free hydroxyl groups. Tte said hyperbranched 
polyesters can be used as resins whidi are cnxable by UV-iadiation. 

10 

It is known to mamifactcre "rninp. tenninaied dendrimers by using diaminobutariA as a 
core m^twa'^ftj to flic primary amine grot^JS of whitdi two equivalent aciylonitriles 
(reaction A) are ad df< ^ by Michaei-addidon reacrion, after which the catalytic 
reduction of mtrile groups lo primary amine groins is made (reaction B). when the 
15 result is a ^^^r^meT od Ihe first generation having four primary amine Eennmal 
gt0!5>s. After this, the reaction series (A) and (B) is icpeaiBd 1 ID 4 nin^ wheafinaDy 
a fiMi generation m ol pctilf having amine termtnal groups, is obtaiued. These 
poly(propylene imine) deodrimeis are ccnmnercially available, Astramol (DSM). in 
diSeieni generations and having amine tenninal groups or mtrile tenninated groups. 

20 

Polyimide based tfaennoseiting resins have achieved great fevour in the industry 
because of their many advaroageous properties, especially their good physical 
properties m elevated teaqjcratores ami wet environmeol. The use of tnalfritnid e, 
especially bismaleimides, in thermosetting resins is Imown. Mal eiintd e is a versatile 

25 reactive group, which can react by different mechanisms, which is especially 
advant^eotis in the crosslinking of tiiermosening resms. The chemical reaciiDn 
between ^rni-nn ffoap and maldc acid anhydride is well known. &om ±s literature. 
'M'atPTOiirfag can be manu&ctmed ficom primary amines and maleic anhydride in the 
presence of an organic solvent like dimethyl formamide, dimethyl acetamide, acetone, 

30 toluene, methylene chloride, lenahydrofuiane or con^arable either by using heating or 
In the presence of acetic acid. Bismaleimides are highly reactive resins, which can be 
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croslinked in maoy ways. Tias is a consequence of the attractive chaiacter of two 
caibonyl groups of Tnatpimirtp. gjgypaiM^Tp^ polymoise easily wicbout any catalyst 
when >i«i!q*wig tbon ovei die meltiiig point and as a lesolt strongly crosslinlced polymers 
witii food dietmal stability axe acbieved. 

5 

On itss basis of wbai is said above it can be seen that tbere is an otr/ious need fbr 
macromolectiles and especially ofigomers, which, liave liie exceptional prpperiies of 
deodiisiers, such as a compact spiheiical stnicture and niuneious functional tenniTial 
gioiqis, andtbezeactivitiy of maksDides. 

10 

The object of the inveniion are reactive malflimide modifjed poly(propylfine imine) 
deadiimers, a method to maau£acture tbem and the usage of them. 

Characteristics of liie Trfaitmrna^ modifipd poly^iropylBne imine) dcndrimers, of the 
15 rnfThM Tnannfamrr fi Them and of file nsapffi of them are staEsd in the claims. 

It has been found tibat af'/^nniing lo the invention Has above naentioaed aims can be 
reached and the poly(propylene imine) type dendnmeis can be customised especially to 
a g mBgirnVflhie taeooossiniig resin by "tfliriTTg tas maleimide modification reaction with 

20 the aminegiDiq>s situased ondiesheU of liiedeadiimei. As a scaning maiei 

dendzEDoeis ytwif ding to the invention can be used polyOpropylenB imine) dendriiners, 
whidi are ccumiiexdally available having a tradename Astramol (DSM). It has been 
Ibund tibat according to the invention branched multi-fioipose malermidft modified 
poIyCprqpylece imine) dendtimers can be maoo&ctured to be used as Starting materials 

25 for f'iT"^^OTis}if^ ntigniBeric and polymeric polyesters and polvamides aaxadiag to the 
following figuve 1. 



30 



wo 01/38423 



PCT/FIOO/00984 



4 

Figure 1 



CD dfi A-^ (in) ^'j!) 



Poly(pic^yleiie imiae) deaidrimer C0> '^^^u^ lierc is as as eaa ngle a poIyCpropylSDC 
imlne) dendzimer wiib four axdse leniiiiial groups^ is let to reaa witib. maleic acid 
anhydride (n) in tbepreseace of a soWoit After tbai the zeactioAzmxture is heated tip 
15 and the desired teoamaleiaude is fiDrmed. la maleiinide modificanon maleic add 
anhydride reacts wifli die ATning group fbiming a reactive maieTrnide ring. 

Accoidmg to ^ invendoa 5-50 zooI%« favourably 10-20 inol% amount in excess 1. ~ 
3. generadoQ, £»roazaibly die fizst or. die second geoeradon potyOnopykne imine) 
20 deodiimer, which has 4 or S amine terminal groups, is let to reaci witii maleic acid 
anhydride in the presence of an inert sdv^t Hke TStrahydrofiiraDe or methylene 
chlorid« at 20-40 "C temperature, after which the temperature is slowly elevated to 50- 
120 "C, fevourably to 7(X-90 °C, and the mixing is continued. The crysiailised prodoa 
is separated hy a suiiaUe method, favouzahle it is filtered, washed up and dried. 

25 

In the shell layer of the maleimide modified poly(propylene imine) dendrimer there 
exist hi^y reacdve roaleimide rings, ix^ch are able lo react using mai^ di^eiCTt 
mecbanisms. As examples firom diem can be mentioned the polymerisation by heat, by 
free radical polymerisatian/crosslinidng, when peroxides or azo compounds can be 
30 used as mitiatozs, or by ion polymerisation using teitiaiy amides or imidazoles as 
catalysis or by copolymerisanon -with diene monomeis and bisdienes. 
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Maleimide mndrfied pofyiptopykne imide) dendiimers accoxding to tbe invencion can 
be used in uuxaeious jiffsi ai i j^)plicaiioiis, from ^^^lich csn. be Ttip- nTift n yi 
diermosecmg plastics, coatiiigs, mlcs, oil additives, adhesives, catalysts, congosites 
5 and iDatrix sntsnals for composiEes. tbt advantages of the desdrimers according id 
the mveaian. are exceOeoic leactivity , -wiiea they are especially good far matdfaactiazial 
crosslinkiiig agents, aod a sis^e mamx&cturixig method. 

The fbllowiiig examples ilusiraie tbe coxapouiids aceocding to ilie invention and the 
10 metiiod however not iTmiMTi^ tj^e invendon to rhpm 

Example 1 

Mamifacfxire of tetramaleimiae ptHyfpcopykat inane) deodzimer 

15 

Into a sobmon cnmairifng 1,0 g (3,2 sudoI) of ^ ' first geoeiation polytpropylene 
indue) ^ppdr"^^ in 30 isd tetral^nirofazanc, was added 20 w A% g^r fiss meaniiig 1,48 
g (15,2 nmiol) aaldc add anb^rdzide in &e room tetqietature. A prec^utate was 
izomediaidy fonoed. After ibis the tooperacure was slowly increased to 70 °C and tbe 
20 nuxane was agitaiifid for 6 hours. The product was fOtsied and washed with a small 
^rpfw>T^t of tetrahydrofizrane and dried in a vacaum at 40 ° during the sigjit, when 
taramaleiinide poly(prcipyIene imine) rf^^^t prnpr was obtained as white powder. The 
yieldwasl,86g(92 %). 

25 'H-NMR (ODsN): a = 1,75 (m. 4H, NCHzCHzCHzCHjN), 2,02 (m, 8H, 
NCHzOtCHiNR), 2.84 (m, 4H, NOfcCEbOfeCHzN), 3,01 (t, 8H, 
NCEtCHiCHiNE), 3,56 Cm, 8H, NCHCHiCHsNR). 6,66 (s, 2H, CHCH). 



'"H-NMR (CsDsN): a = 24,09 NCBCa033CH?N), 25,78 (NCSEizCHiCHiJJR), 
30 3S,07 (NOEiaCHaCHaNR), 51,56 (NCHiCHaCBiNR), 53,78 (NCHsCHaCHiCHiN), 
167^169,64 (NCOCHCHCON). 
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1. Maleindde mnrfifitvi poly(propyl!eD6 iniiiic) deodnmef, characterised in t^^t the 
shell layer compiises reactive maJeimide nogs. 

5 

2. Maldnnide ni nd ffiffj poly(piopyl6DS hnhsei) ff^ TT^Timpj- according to p-laini l, 
charactoised in l2iat ths dend n^n*^ con^irises a poly^iropylene iinine) <i^gI]d^imc^ of 
1.-3. generatioii, the amine groups of which have reacted with maldc acid anhydride 

far ming rpaleiniMe rings to the sh ^^^ layer. 

10 

3. A method for mamifeciuiiiig TT^'^ IH mi<1^ modified poly(propyieiie niiiiie) dendrimer 
cha r acterised in tfiat a 1. < 3. generation polyCpropyleoe imioe) desdiimer is let to 
xeaa with xnaleio add anhydride in the presence of a solvit, after -«i^iich tecn^iaatuie 
in elevated and the maift^mtrtf^ modified p61y(prppyleae isune) dfi ndnntflf obtained is 

15 die product is isolaied, ^vouiably filtered. 

4. A method acconfing to daim 3 characterised in thai the polyQaopylene imine) 
deadTimcff is adendiimer of 1. or 2. g«ieratioa having 4 or 8 amine termmal groii^s, 

20 5. A method according to claim 3 or 4 charflflwiff-d in that the solvent is an inert 
solvent, favourably tetrahydroturaue or methylsDe chloride. 

6. A mgtiKixj according to any of t'laTTp g 3-S characterised in that ths reaction 
tBn^jerature is first 20-40 "C, after that die tearperature is etevaied to 50-120 "C , 

25 fevourably to 70-90 °C. 

7, The use of maleinude modified poly^opylens Tmi^ dendriiners as reactive 
crosslislaos agents, in diemiasfitiing polymers, coalings, inks, oil additives, adhesives, 
catalysts, composites and matrix Tnatwriais far conqiositcs. 
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